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Environmental investigations and cleanup of contamination at the Pemaco 
Site are following the federal Superfund process.  The Superfund process 
is shown in Figure 2 (below).  Public participation activities up to this 
point include three community meetings and numerous interviews of 
community members.  The EPA has also worked closely with the City 
of Maywood during the RI and FS process.

site characteristics
EPA performed a full-scale RI between January 2001 and November 
2001 to identify the nature and extent of soil and groundwater 
contamination at the Pemaco Superfund Site.  EPA also conducted 
treatability tests and additional “data gap” assessments 
between December 2001 and December 2002 to support the FS.  
These activities included the collection of over 2,500 ambient air, 
soil, soil vapor, and groundwater samples.  Quarterly groundwater 
monitoring is ongoing.

Fifty-six chemicals of concern (COCs) have been identified 
in Site soils and groundwater zones based on the comparison 
of analytical results to federal and state regulatory levels for 
contaminants in the environment.  The COCs include: 

• Volatile Organic Compounds (VOCs, organic compounds 
that evaporate readily into the air) which include:

• Tetrachloroethene (PCE) – a cleaning solvent,
• Trichloroethene (TCE) – a cleaning solvent,
• Dichloroethene (DCE) – a by-product of TCE, and
• Vinyl chloride – a by-product of TCE.   

• Metals, 
• Solvents [non-halogenated volatile organic compounds 
(NHVOCs)], and
• Semi-volatile organic compounds (SVOCs), which 
include polyaromatic hydrocarbons (PAHs - a group of 
chemicals that are formed during the incomplete burning of coal, 
oil and gas, or other organic substances).

The following sections describe the nature and extent of 
contamination based on data retrieved during the RI for the 
following environmental media: (1) surface and near-surface soil, 
(2) upper vadose zone soil,  3) lower vadose zone soil,  
(4) perched groundwater, and (5) Exposition groundwater.  

soil investigations
Surface and Near-Surface Soil (0-3 feet below ground 
surface, “bgs“)

PAHs were the most prevalent COCs detected in surface and near-
surface soil samples.  Metals exceeding regulatory levels in surface 
and near-surface soils include arsenic, iron, lead, and manganese.  
No solvents or SVOCs were detected in surface/near-surface soils at 
concentrations exceeding regulatory levels.

The majority of surface soil contamination (approximately 2,200 cubic 
yards) appears to lie along the edges of the Pemaco Site.  This would be 
consistent with the fact that clean fill was placed over much of the Site 
during previous removal actions of the former warehouse foundation, 
UST excavation, and soil removal within the central portion of the Site.  

3

glossary of terms (continued)

National Priorities List (NPL)
EPA’s annually updated list of the most serious uncontrolled or 
abandoned hazardous waste sites in the U.S. identified for possible 
long-term cleanup under the Superfund.

Noncarcinogens

Chemicals that do not cause cancer, but may cause other adverse 
health effects.

Oxidizing Agent
A chemical that accepts electrons.

Parts per billion (ppb)
Unit of measurement. 

Plume
A volume of a substance that moves from its source to places farther 
away from the source. 

Polyaromatic Hydrocarbons (PAHs) 
Group of semi-volatile organic compounds. 

Principal Threat Waste
Heavily contaminated materials that have free product or high 
concentrations of residual contamination.

Proposed Plan
A document that summarizes all of the cleanup alternatives that 
were studied as part of the RI/FS process, and identifies the preferred 
cleanup alternatives for a site.

Record of Decision (ROD)
A document explaining the cleanup actions that will be implemented 
at a contaminated site. The ROD is based on information and 
technical analyses generated during the RI/FS and on comments 
received on the Proposed Plan. 

Reducing Agent
A chemical that provides electrons for other chemicals.

Remedial Investigation (RI)
The CERCLA process of determining the type and extent of 
hazardous material contamination at a site.

Semi-volatile Organic Compounds (SVOCs)
VOCs that are semi-volatile. 

Solvents 
Chemicals often used as cleaning agents.

Steam Stripping
Volatized VOCs are stripped from contaminated zone and brought to 
the surface through soil vapor extraction.

Substrate
With respect to remedial actions, materials injected into subsurface to 
cleanup contaminants in the soil and groundwater.

Superfund
Superfund is the common name for the process established by 
CERCLA to investigate and cleanup abandoned or uncontrolled 
hazardous waste sites.

Treatability Study/Treatability Tests 
A short-term investigation of how a particular technology will clean 
up contamination.

Ultraviolet Oxidation (UV Ox)
A destruction process that destroys contaminants in water without 
releasing VOCs to the atmosphere. 

Vadose Zone
Unsaturated (not completely filled with water) layer of soil/rock. 

Volatile Organic Compounds (VOCs) 
Carbon-containing chemical compounds that evaporate readily 
at room temperature.  

Volatilize
 Turn to vapor.

I8
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Upper Vadose Zone Soil (3-35 feet bgs)

VOCs are the most prevalent and widespread contaminants within 
upper vadose zone soils at the Pemaco Site, where an estimated 80,000 
to 95,000 cubic yards of VOC-contaminated soil have been identified.  
The release of VOCs at Pemaco is likely a result of leaking USTs and 
spills associated with the loading area located in the southwest corner 
of the Site and leaking ASTs and drum storage in the north-central 
portion of the Site. 

Arsenic and total chromium were the only metals detected above 
regulatory levels in upper vadose zone soils.  Samples that reported 
these concentrations were collected from borings located offsite.  
The distance of these samples from the Pemaco Site suggest that 
detected concentrations are likely background levels and not from 
a Pemaco release.

Acetone is the only solvent/NHVOC to exceed regulatory levels; 
elevated concentrations of acetone have been attributed to bentonite 
pellets used during well installation, as concentrations fluctuated 
around well installation events.

The most prevalent SVOCs within the upper vadose zone soils were PAHs, 
the majority of which were located adjacent to the central-west part of 
the Pemaco Site.  There was no indication of historical use of PAHs at the 
Pemaco facility; PAHs are likely due to vehicle exhaust, previous fires, 
and paving activities that have occurred in the area over the years. 

Lower Vadose Zone Soil (35-100 feet bgs)

Like upper vadose zone soils, VOCs are the most common and 
widespread contaminants within lower vadose zone soils, where an 
estimated 14,000 cubic yards of VOC-contaminated soil have been 
identified through soil sampling. The highest VOC concentrations are 
concentrated within the southwest corner of the Pemaco Site between 
the depths of 55 and 60 feet bgs.

Metals that exceeded regulatory levels in lower vadose zone soils 
include the following:  antimony, arsenic, barium, cadmium, total 
chromium, and nickel.  The distribution of metals within lower 
vadose zone soils suggests that these metals are likely background 
and not from a Pemaco release.

No solvents or SVOCs were detected in lower vadose zone soils at 
concentrations exceeding regulatory levels.

groundwater investigations
Groundwater beneath the Pemaco Site exists in several layers.  The 
shallowest layer, the perched groundwater zone, begins at a depth 
of approximately 25 ft and ranges in thickness from 5-inches to 
approximately 5-ft.  Beneath the perched groundwater zone, there 
are five different zones saturated with water that are typically found 
between 65 and 175 ft.  These zones are similar to the more regional 
Exposition Aquifer; therefore, they have been informally named 
from top to bottom, the Exposition ‘A’ through ‘E’ Zones. 

The ‘A’ and ‘B’ Zones are the main zones of concern and both vary 
from a few inches to 10 ft thick.  The remaining three zones, ‘C’, ‘D’, 
and ‘E’ are typically found from 95 to 110 ft bgs, 125 to 145 ft bgs, and 
160 to 175 ft bgs, respectively. 

Municipal groundwater production wells in the vicinity of the 
Site draw water from aquifers beginning at approximately 350 
ft bgs or deeper.   As the groundwater aquifers used for drinking 
water are much deeper than the contaminated groundwater 
zones associated with the Pemaco Site, contamination from the 
Pemaco Superfund Site has not affected drinking water sources 
in the Maywood area.

perched groundwater zone
PCE, TCE, and vinyl chloride are the most common and widespread 
chemicals detected within the perched groundwater zone, 
where approximately 1.4  million gallons of  VOC-contaminated 
groundwater has been identified.  “Hot spots” within the 
plumes have had concentrations of total VOCs exceeding 1,000 
parts per billion (ppb).  The dissolved-phase portions of the 
plumes extend offsite and have migrated up to 250 ft to the south 
and up to 200 ft southwest of the Pemaco property.  Contaminant 
plumes originating from the Pemaco property have also co-mingled 
(mixed) with other plumes from neighboring properties (former 
W.W. Henry and Lubricating Oil Services properties).

Figure 3 (page 5, top) illustrates the composite (PCE, TCE, and vinyl 
chloride plumes overlapped) VOC contaminant plume in perched 
groundwater.

exposition groundwater zones
VOCs above regulatory levels are widespread in the Exposition ‘A’ 
and ‘B’ Zones, where approximately 15.6 million gallons of VOC-
contaminated groundwater has been identified.  VOCs, mainly 
TCE, have been identified in the Exposition ‘C’ and ‘D’ Zones, but 
are limited to one monitoring well located adjacent to the 
Pemaco Site within the Exposition contaminant plume “hot spot”.  
Contaminants in the Exposition ‘E’ Zone have not been detected at 
concentrations above regulatory levels.

The largest contaminant plumes found in the Exposition ‘A’ and ‘B’ 
Zones primarily contain TCE and its daughter products (1,1-DCE, 
cis-1,2-DCE, trans-1,2-DCE and vinyl chloride).  Figure 4 (page 5, 
bottom) illustrates the composite (overlapped) TCE plume for the 
Exposition ‘A’ and ‘B’ groundwater zones.  The “hot spot” of this plume 
is directly below the southern-most portion of the Pemaco property and 
contains TCE at concentrations exceeding 20,000 ppb.  Contaminant 
concentrations of this nature in groundwater are indicative of heavily 
contaminated soils that have free product or high concentrations 
of residual contamination.  Subsequently, the soils within the 10,000 
ppb-contour of the Exposition composite plume (see Figure 4) are 
considered  principal threat wastes.  The dissolved-phase 
portion of the Exposition contaminant plume extends southwest of the 

glossary of terms
Administrative Record File
A complete body of documents that forms the basis for selecting a 
CERCLA response action. 

Aquifer
Water found within layers of material (such as soil, rock, sand, or 
gravel) below the ground surface. 

Bgs Below ground surface.

Carcinogens A substance that causes cancer.

Chemicals of concern (COCs)
Site-specific chemicals that exceed regulatory levels.

Comprehensive Environmental Response, 
Compensation, and Liability Act (CERCLA)
A federal law first passed in 1980 and subsequently amended. The act 
created a trust fund, known as Superfund, to investigate and clean up 
abandoned or uncontrolled waste sites.

Contamination/Contaminants
Any chemical, biological, or related substance that has an adverse 
effect on human health, water, soil, or air.

Drawdown
The lowering of the water level in a well as a result of withdrawal.

Feasibility Study (FS)
EPA study that determines the best way to clean up environmental 
contamination.

Flameless Thermal Oxidation (FTO)
A process that converts VOCs into harmless compounds with up to 
99.99% efficiency. 

Free Product 
A petroleum product in liquid phase.

Granular Activated Carbon (GAC)
Pure carbon that can adsorb pollutants.  

Groundwater
The supply of water found below the ground surface, usually 
in aquifers.  

“Hot Spot” 
Area of highly contaminated soil or groundwater.

In-situ
Actions conducted in their original location.  With respect to remedial 
actions, in-situ refers to cleanup in place where soil or groundwater 
contamination exists.

Metals
Any of a class of chemical elements that have a luster and can 
conduct heat and electricity.

Monitoring Well
A well used either to collect groundwater water samples for water 
quality testing, or to measure groundwater levels.

information repositories

Copies of the Pemaco Superfund Site Remedial Investigation and 
Feasibility Study Reports, and other Site-related documents are 
available for review at the locations listed below.  These documents 
are part of the Administrative Record for the Pemaco Superfund Site.

U.S. EPA SUPERFUND RECORDS CENTER

95 Hawthorne Street, Suite 403S
San Francisco, CA 94105-3901
Telephone: (415) 536-2000; 
Fax: (415) 764-4963

MAYWOOD CAESAR CHAVEZ LIBRARY

4323 E. Slauson Avenue
Maywood, CA 90270
Telephone: (323) 771- 8600

for additional information

For additional copies or other information on the Proposed Plan for 
the Pemaco Superfund Site, please contact the following:

Rose Marie Caraway

Remedial Project Manager
U.S. EPA, Region 9
75 Hawthorne Street (SFD-7-2)
San Francisco, CA 94105-3901
Telephone: (415) 972-3158 
Fax: (415) 947-3526
Email:  caraway.rosemarie@ epa.gov

Alhelí Baños

Community Involvement Coordinator
U.S. EPA, Region 9, Southern California Office
911 Wilshire Blvd, 11th Floor
Los Angeles, CA 90017
Telephone: (213) 452-3369 
Toll free line for messages: 800-231-3075
Email:  banos.alheli@ epa.gov
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Pemaco property and lies beneath a two-block area 
that is used for residential housing.

summary of site risks
A risk assessment was performed to identify and 
estimate potential risks to people from Pemaco 
contamination if the Site was not cleaned up.  The 
risk assessment estimated potential risks for the 
following groups, (1) future park users, (2) future 
onsite residents (if any), and (3) present-day offsite 
residents.  Two types of potential health risks were 
addressed in the assessment, the risk of developing 
cancer and the risk of developing non- cancer 
health effects.

The risk assessment concluded that 
potential health risks from Pemaco 
contamination are low at present.  
However, if the contamination is not 
cleaned up, health risks could be much 
greater in the future.

Potential risks from cancer-causing contaminants 
(“carcinogens”) are defined as the probability of 
a person getting cancer from a long-term exposure 
to those carcinogens.  This probability is expressed 

as the number of additional cancers that might occur due to 
exposure to the Site’s contamination.  EPA’s goal is to keep 
cancer risks from a Superfund site in the range between 1-
in-1-million people (10-6) and 100-in-1-million (10-4) 
– this is EPA’s target risk range.

For contaminants that do not cause cancer, but may cause 
other health effects (“non-carcinogens”), risk is 
expressed as a Hazard Index (HI).  If the HI is less than 
or equal to 1.0, no adverse health effects are expected.  HIs 
greater than 1.0 indicate an increased risk of health effects; 
the higher the HI, the more likely that health effects could 
be experienced, especially by more sensitive members of the 
exposed group. 

risk for future park users
The estimated cancer risks for a future park user (through 
ingestion and dermal contact with surface soils) fall in the 
middle of the EPA target risk range. This cancer risk was 
primarily due to potential exposure to benzo(a)anthracene, 
benzo(a)pyrene, benzo(b)fluoranthene, dibenzo(a,h)-
anthracene, and indeno(1,2,3 - cd)pyrene, chemicals 
which have other multiple sources in the area.  The total 
noncarcinogenic HI was well below the target level of 1.0.

▲  Figure 4.  Site Map Illustrating Exposition Groundwater Contaminant Plume

▲  Figure 3.  Site Map Illustrating Perched Groundwater Contaminant Plume

summary of preferred 
alternatives
Based on EPA’s evaluation of alternatives for the first seven of the 
nine criteria, EPA prefers Alternative N2 (Soil Cover/Revegetation) 
for the Surface and Near-surface Soil Remediation Zone, Alternative 
SP2 (High-Vacuum Dual-Phase Extraction/Ultraviolet Oxidation/
Flameless Thermal Oxidation/Granular Activated Carbon) for the 
Upper Vadose Soil and Perched Groundwater Remediation Zone, 
and Alternative SG5 (Electric Resistance Heating with Vapor 
Extraction/Pump &Treat/Ultraviolet Oxidation/Flameless Thermal 
Oxidation/Granular Activated Carbon) for the Lower Vadose Soil 
and Exposition Groundwater Remediation Zone.  The final remedy, 
or selection of preferred alternatives, can differ based on public 
comment or new information.

The Soil Cover/Revegetation Alternative (N2) for the Surface and 
Near-surface Soil Remediation Zone is considered adequate and 
reliable in eliminating human exposure risks and preventing 
migration of soil (via erosion). While this alternative does not 
reduce the toxicity or volume of COCs, the soil cover would 
provide significant reductions in contaminant mobility and would 
eliminate exposure to humans.  The COCs in this zone (metals, 
PAHs) are characteristically immobile in nature and may degrade 
naturally over time.  Unlike the excavation alternative, the Soil 
Cover/Revegetation Alternative would have minimal impact to 
construction workers, the community, and the environment during 
implementation.  Alternative N2 would be the simplest alternative 
to implement from an administrative and technical viewpoint, is 
protective of human health, and presents the best value.

The High-Vacuum Dual-Phase Extraction/Ultraviolet Oxidation/
Flameless Thermal Oxidation/Granular Activated Carbon Alternative 
(SP2) for the Upper Vadose Soil and Perched Groundwater 
Remediation Zone would effectively reduce the toxicity, mobility, 
and volume of contamination within upper vadose soils and the 
perched groundwater. HVDPE is the only technology among the 
alternatives assembled for this remediation zone that actively 
addresses contamination in both soil and groundwater, thereby 
providing the highest level of protection to human health and the 
environment.  HVDPE is a well-proven technology and is expected 
to be highly reliable in eliminating pathways for human exposure 
to COCs and the potential movement of chemicals to deeper 
groundwater zones.  As approximately 50% to 60% of contaminants 
will be extracted during the first year of HVDPE, a Flameless Thermal 
Oxidation unit would be required for vapor treatment in order to 
meet discharge criteria.  After the first year, it is estimated that the 
majority of contaminants, including vinyl chloride and 1,4-dioxane, 
which cannot be treated efficiently by GAC, will be significantly 
reduced.  Further evaluation of the vapor stream will determine 
when the switch from an FTO to a more cost effective GAC vapor 
treatment system can occur.

The Electric Resistance Heating with Vapor Extraction/Vacuum-
Enhanced Groundwater Extraction/Pump & Treat/Ultraviolet 
Oxidation/Flameless Thermal Oxidation/Granular Activated 
Carbon Alternative (SG5) for the Lower Vadose Soil and Exposition 
Groundwater Remediation Zone utilizes the only technology, ERH, 
that is expected to effectively reduce the principal threat wastes 
within this remediation zone, thereby providing the highest level of 
protection to human health and the environment. Through heating 
the soil and groundwater, VOCs trapped in the fine-grained soils 
(clay) would be released from these soils via steam stripping. The 
physical removal of COCs would effectively eliminate all pathways 
for human exposure and the potential spread of contamination. 
The vacuum-enhanced groundwater P&T alternative (SG4) would 
not effectively remove contaminants trapped in the fine-grained 
soils. Likewise, due to the uncertainty associated with delivering 
substrates to contaminated areas (substrates rely to a great extent on 
groundwater for dispersion) and their ability to break down elevated 
concentrations of contaminants, the in-situ remedial alternatives 
(SG2 and SG3) would not likely address the source area.  Without 
remediation, affected lower vadose soils could act as a continual 
source of contamination to the Exposition groundwater zones and, 
over time, to deeper zones that may be used for local drinking water 
wells.  The Electric Resistance Heating Alternative is anticipated to 
meet remedial action objectives in the shortest amount of time.  In 
order to meet discharge criteria, a Flameless Thermal Oxidation 
unit would be required for vapor treatment for the duration of 
ERH operation (approximately 1 year), as the estimated amount of 
contamination to be generated by the ERH may quickly overload a 
carbon treatment system.  After the first year, it is estimated that the 
majority of contamination will be extracted and destroyed, including 
vinyl chloride, (which cannot be efficiently treated by GAC), and 
vapor treatment would be switched to GAC, a more cost effective 
option for lower levels of contamination.  

EPA believes the preferred alternatives summarized above meet the 
threshold criteria and provide the best tradeoffs among the other 
alternatives with respect to the balancing and modifying criteria.  EPA 
expects the preferred alternatives to satisfy the statutory requirements 
in CERCLA Section 121(b): 1) be protective of human health and 
the environment; 2) comply with ARARs; 3) be cost-effective; 4) use 
permanent solutions and alternative treatment technologies to 
the maximum extent practical; and 5) satisfy the preference for 
treatment as a principal element.  Based on the state and community 
acceptance criteria, analysis of the final remedy will be documented 
in the Record of Decision, following close of the public comment 
period, on May 3, 2004.
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risk for future onsite residents
Potential risks to future residents were calculated in the event that 
park development plans change and housing is built on the Site 
instead.  Estimated cancer for any such future onsite residents fall 
well above the upper end of the EPA target risk range, indicating the 
Site must be cleaned up to protect against these risks.  These high 
cancer risks were primarily due to arsenic, benzene, chloroform, 
TCE, and vinyl chloride in groundwater.  The total HI also greatly 
exceeded the target level of 1.0, primarily due to potential exposure 
to acetone, arsenic, benzene, chloroform, cis-1,2-dichloroethene, 
manganese, TCE, and vinyl chloride in surface soils and groundwa-
ter.  Both carcinogenic and non-carcinogenic risks to future onsite 
residents are primarily through direct contact to surface soils or 
through ingestion and/or inhalation of groundwater.

risk for current offsite residents
Risk estimates for residents currently living near the Pemaco Site 
were based on testing of outdoor and indoor air. In addition to 
Pemaco, there are other air sources of many chemicals in the 
Maywood and greater Los Angeles area (especially related to motor 
vehicle traffic), thus risks estimated from this testing must dis -
tinguish between risks due to Site-related contamination and 
those from other sources.

Estimated cancer risks for current offsite 
residents, based on indoor and outdoor 
air testing, fall within the target risk 
range.   Cancer  r i sk  wa s  pr imar i ly  
due to potential exposure through 
inhalation of chloroform, benzene, 
methyl tert-butyl ether, and PCE.  The 
total noncarcinogenic HI exceeded 
the target level of 1.0, primarily due to 
chloroform, 1,2,4 - trimethylbenzene, 
and benzene.  Many or all of the major 
contributors to cancer and non-cancer 
risks are chemicals which are likely 
present in outdoor and indoor air due 
to their release from motor vehicles or 
from nearby industrial facilities. This 
conclusion is supported by risk estimates 
based on background air data, which also resulted in cancer risks 
within the target risk range and a non-cancer HI greater than 1.0.

In order to focus on Site -related contamination, estimates of 
cancer risk were made based on the assessment of vapor intrusion 
(movement of Site-related soil vapor contamination into overlying 
houses).  Modeling of this vapor intrusion gave estimates of cancer 
risk within the target range, and a noncancer HI well below the 
1.0 screening level.  The greatest potential cancer risk from vapor 
intrusion was due to exposure to TCE.  Based on the outdoor and 

indoor air testing results, the influence of motor vehicle traffic and 
industrial operations in the area and the vapor intrusion modeling, 
U.S. EPA concluded the indoor air vapor intrusion pathway is 
currently of minimal concern at the Pemaco Site.

It is the EPA’s current judgment that the Preferred 
Alternatives identified in this Proposed Plan, or 
one of the other active measures considered in 
the Proposed Plan, are necessary to protect public 
health or welfare or the environment from actual 
or potential exposure to the hazardous substances 
detected at the Pemaco Superfund Site.

remedial action objectives 
The remedial action objectives (RAOs) describe what the proposed 
Site cleanup is expected to accomplish.  EPA has identified cleanup 
levels for contaminated groundwater and soil beneath the Site as part 
of the RAOs.  The cleanup goals are based on Federal and California 
EPA Maximum Contaminant Levels, EPA Region 9 Preliminary 
Remediation Goals, and health-based goals determined during the 
Pemaco Baseline Risk Assessment.  EPA’s cleanup objectives for 
the Pemaco Superfund Site are presented in Figure 5 below.  Media 
specific remediation goals are listed by media zone in the FS.

strategy used to develop cleanup 
alternatives
Due to the characteristics, scope, and complexity of the Site (e.g., 
five zones), it was determined that one set of remedial alternatives 
for the entire site would not be possible.  Therefore, EPA identified 
combinations of media zones and treatment technologies for 
groundwater and soil that are compatible, and provide a degree of 
economic or other benefit when used in conjunction with 
each other.  This approach resulted in the development of three 

figure 5. remedial action objectives

• Prevent risk of human exposure to soils and groundwater having (1) COCs in excess of 
ARARs/TBCs, (2) a total excess cancer risk greater than 10E-4 to 10E-6 and (3) a non-
carcinogenic threshold value greater than 1.0.

• Prevent migration of COCs: 1) from surface soils and/or upper vadose zone soils to the 
perched groundwater, 2) from perched groundwater and/or lower vadose zone soils to 
Exposition groundwater zones, 3) from Exposition groundwater zones to deeper groundwater 
zones and/or local production wells at a rate that would cause groundwater to exceed 
ARARs/TBCs.

• Restore groundwater quality in the perched groundwater zone and in the Exposition ‘A’ and 
‘B’ groundwater zones to ARARs/TBCs or to local background groundwater quality.

• Minimize and prevent further migration of COCs.

ARARs = Applicable and Relevant and Appropriate Requirements (primarily Federal and California 
Maximum Contaminant Levels (MCLs))
TBCs = To Be Considered (documents for those chemicals lacking ARARs, primarily EPA Region 9 
Preliminary Remediation Goals (PRGs).  
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EPA’S preferred lower vadose soil and exposition groundwater 
remediation zone alternative: (continued)
alternative SG5 – electrical resistance heating with vapor extraction/
vacuum enhanced groundwater extraction/pump and treat/ultraviolet 
oxidation/flameless thermal oxidation/granular activated carbon

This alternative assumes that the amount of contaminants extracted during operation of the ERH would quickly overload a carbon 
treatment system.  In addition, some COCs present within this remediation zone, in particular vinyl chloride, cannot be treated 
efficiently by GAC at elevated concentrations.  Therefore, FTO would be used for vapor treatment for the first year of operation or 
for the duration of ERH.  It is unlikely that the FTO vapor treatment system will emit products of incomplete combustion, such as 
dioxins and furans, above background levels due to the system’s highly effective removal efficiency.  The FTO would be carefully 
monitored for the release of these chemicals.  Once ERH operation is complete (approximately 1 year), it is estimated that the 
majority of contaminants, including vinyl chloride, will have been extracted and destroyed using FTO and switching to a GAC 
vapor treatment system would be more cost effective.  Evaluation of the proportion of vinyl chloride would be necessary prior to 
implementing GAC vapor treatment. 

ERH combined with VE reduces toxicity, mobility, and the amount of contamination.  ERH with VE would effectively eliminate 
human exposure to contamination in this zone as well as the potential for movement of contamination within the groundwater.  
The total duration of this alternative is estimated to be approximately 10 years (1 year of ERH, 4 additional years of P&T, and 5 
additional years of MNA).

outlined in Figure 7.  The following figures (Figures 8 through 10) 
summarize the evaluation of cleanup alternatives (summarized 
above) for the Pemaco Superfund Site.
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“remediation zones” consisting of: 

• Surface and Near-surface Soils   (0-3 ft bgs),
•Upper Vadose Soils and the Perched Groundwater (3-35 ft bgs), 
and 
•Lower Vadose Soils and the Exposition Groundwater (35-100 ft bgs).  

EPA used these three remediation zones illustrated in Figure 6 to 
organize the assembly of remedial alternatives and to support the 
basis for sound risk management decisions.

Based on the RAOs and the quantity and composition of groundwater 
and soil to be remediated, technologies were assembled into 
remedial alternatives (clean up options) for each remediation 
zone.  Remedial alternatives for the two upper remediation zones, 

▲ Figure 6.  Contaminated Media and Remediation Zones for Pemaco Superfund Site

1) Surface and Near-surface Soil Remediation Zone and 2) the 
Upper Vadose Soil and Perched Groundwater Remediation Zone, 
were assembled utilizing technologies that address the entire area 
of contamination within each zone, as contaminant concentrations 
are relatively homogenous.  Contamination in the Lower Vadose 
Soil and Exposition Groundwater Remediation Zone covers a much 
larger surface area and varies in concentration more than the two 
upper remediation zones.  To assemble remedial alternatives for 
this zone, technologies were assembled to address the areas of 
varying concentration within the Exposition contaminant plume 
(e.g., greater than 10,000 ppb, greater than 1,000 ppb, and greater 
than 10 ppb-contours of the composite Exposition groundwater 
contaminant plume for TCE).

evaluation of alternatives
The assembled remedial alternatives were evaluated in detail with 
respect to the nine evaluation criteria developed by EPA, which are 
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summary of cleanup 
alternatives
Remedial action (cleanup) alternatives 
were developed for the Site through the 
RI/FS process.   EPA considered a number 
of alternatives for each remediation zone 
that could be used to reduce risks from 
potential exposure to contaminants. 

C E RC L A  r e q u i r e s  r e m e d ia l  a c t io n  
alternatives to be evaluated in terms of 
how well the alternatives meet nine specific 
remedy selection criteria (see Figure 7). 

Each of  the  a lternat ive s  st i l l  being 
considered, including EPA’s preferred 
alternatives, is summarized on pages                  
9-14.   EPA’s preferred alternatives for each 
remediation zone are considered to be the 
alternatives that best meet the remedy 
selection criteria.

glossary of terms

Figure 7.Figure 7.F Remedede yd SeSeS lelel ctctc itit oioi n: NiNiN nini e CrCrC ititi etet riaiai fofof r EvEvE avav lulul atitit nini gn Remedede idid aiai l Altltl etet rnatitit vivi esese

remedy selection
9 criteria analysis                                  

final remedy

alternative SG4 – vacuum-enhanced groundwater extraction/pump and 
treat/monitored natural attenuation/ultraviolet oxidation/flameless thermal 
oxidation/granular activated carbon

Present Worth Cost Estimate: .............................$6,129,000.00
Direct Capital Cost Estimate: ..............................$3,019,000.00
Annual O&M Cost Estimate:................................$   676,000.00

Vacuum-enhanced groundwater extraction uses typical groundwater extraction wells with both submersible pumps and high-vacuum 
surface pumps.  Drawdown caused by groundwater extraction would allow soil vapors  to be extracted.  As the soil vapor is extracted 
(under vacuum), it removes VOC contaminants that are trapped in the soil pores, effectively reducing  contamination in lower vadose soil. 

Under this alternative, vacuum-enhanced groundwater extraction would be performed on all wells within the 1,000 ppb contaminant 
plume (see Figure 4) to treat contaminants and free product.  Between the 10 ppb and 1,000 ppb composite plume contours, typical P&T 
wells would be used.  MNA would be used outside the 10 ppb  plume to demonstrate plume reduction. The extracted groundwater and soil 
vapor would be transported to separate aboveground treatment systems.  UV Ox would be used for groundwater treatment and FTO would be 
used for vapor treatment.  Both UV Ox and FTO would completely destroy all contaminants onsite.  After one year of remediation, the vapor 
treatment system would be switched to GAC, a more cost effective option for lower levels of contamination.  Assuming cleanup criteria are 
met, the treated groundwater could be reinjected  into the ground, discharged to the sanitary sewer, or discharged to the LA River.  

This alternative assumes that large amounts of VOCs, approximately 50%,  would be extracted during the first year of operation.  Some COCs 
present within this remediation zone, in particular vinyl chloride, cannot be treated by GAC at elevated concentrations and would therefore 
require vapor treatment using FTO.  It is unlikely that the FTO vapor treatment system will emit products of incomplete combustion, 
such as dioxins and furans, above background levels due to the system’s highly effective removal efficiency.  The FTO would be carefully 
monitored for the release of these chemicals.  After the first year, it is estimated that the majority of contaminants, including vinyl chloride, 
will have been extracted and destroyed using FTO and switching to a GAC vapor treatment system would be more cost effective.  Further 
evaluation of the proportion of vinyl chloride would be necessary prior to implementing GAC vapor treatment.  

Groundwater extraction coupled with high-vacuum vapor extraction allow for good control over contamination movement and a 
reduction in the quantity (onsite) of COCs through extraction of liquid  and gas contaminants.  This alternative would effectively eliminate 
human exposure to contamination in this zone as well as remove the potential for the spread of contamination.  The total duration of this 
alternative is assumed to be 20 years (15 years of operation plus 5 years of monitoring).

EPA’S preferred lower vadose soil and exposition groundwater 
remediation zone alternative:
alternative SG5 – electrical resistance heating with vapor extraction/
vacuum enhanced groundwater extraction/pump and treat/ultraviolet 
oxidation/flameless thermal oxidation/granular activated carbon

Present Worth Cost Estimate: .............................$8,895,000.00 
Direct Capital Cost Estimate: ..............................$5,094,000.00
Annual O&M Cost Estimate:................................$  818,000 .00

Electrical Resistance Heating (ERH) utilizes electrodes that are inserted into the ground to the depth of the contamination.  The electrodes 
heat the soil and groundwater to approximately 100 degrees Celsius.  Contaminants are volatilized and removed from the subsurface 
through in-situ steam stripping.  Volatilized contaminants are collected at the surface via vapor extraction (VE) for treatment. 

Under this alternative, ERH with VE would be used to treat soil and groundwater within the 10,000 ppb-groundwater contaminant plume 
(see Figure 4).  Vacuum-enhanced groundwater extraction would be used between the 1,000 ppb and 10,000 ppb plume.  Groundwater P&T 
would be used between the 10 ppb and 1,000 ppb plume to control the movement of the contaminant plume.  MNA would be used outside the 
10 ppb composite plume to demonstrate plume reduction.  The contaminated groundwater and soil vapor would be transported to separate 
above ground treatment systems.  UV Ox would be used for groundwater treatment and FTO for vapor treatment.  Both UV Ox and FTO would 
completely destroy all chemicals onsite.  After one year of remediation, the vapor treatment system would be switched to GAC, a more cost 
effective option for lower levels of contamination.  The treated groundwater could be re-injected back into the aquifer, discharged to the 
sanitary sewer, or discharged to the LA River.  (Continues page 14.)

8
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alternative N1 – no action

Present Worth Cost Estimate: ...........................................$0.00
Direct Capital Cost Estimate: ............................................$0.00
Annual O&M Cost Estimate:..............................................$0.00

EPA is required to consider a No Action alternative for comparison with other remedial alternatives.   The No Action alternative provides 
a baseline for evaluation in terms of risk to the public if no action is taken.  The No Action alternative does not involve any proactive 
treatment, removal, or monitoring of the contaminated area.  Under this alternative, pathways for human exposure to COCs in surface and 
near surface soils and the spread of contaminants will continue.  

There is no cost associated with this alternative and it would provide the least overall protection of human health and the environment.  
The No Action Alternative does not meet EPA’s remedial action objectives and does not comply with state and federal requirements.

alternative N2– soil cover/revegetation

Present Worth Cost Estimate: ................................$773,000.00
Direct Capital Cost Estimate: .................................$358,000.00
Annual O&M Cost Estimate:...................................$  25,000.00

This alternative would involve the placement of a 1-ft layer, or approximately 4,550 cubic yards of clean soil, on the Site and establishing 
vegetative growth to stabilize the soil in place (approximately 1,080 cubic yards of top soil plus vegetation).  The soil cover does not 
treat or destroy the COCs but acts as containment and eliminates the possibility of human exposure to COCs in surface and near-surface 
soils.  Long-term monitoring and maintenance of the soil cover and vegetative growth is essential to prevent erosion and exposure of the 
underlying contaminants.  The addition of a non-woven geotextile layer below the soil cover would enhance this option by acting as an 
indicator of excessive erosion and providing an additional cover layer to ensure the effectiveness of the soil cover.  The completed soil cover 
could serve as a recreational area following revegetation.  

Soil cover construction is estimated to take 1 to 2 months to complete and would require indefinite surface inspections and implementation 
of corrective actions (e.g., maintenance and/or repair of their surfaces in order to address erosion and surface wear) to remain effective. 

alternative N3 – excavation and offsite disposal

Present Worth Cost Estimate: .............................$1,305,000.00
Direct Capital Cost Estimate: ..............................$1,305,000.00
Annual O&M Cost Estimate:..............................................$0.00

Soil excavation and offsite disposal involves removal of the affected soils (approximately 2,900 cubic yards) and disposal of the soil offsite 
at an approved landfill (approximately 3,770 cubic yards after expansion).  By removing the affected soil, pathways for human exposure 
to COCs and the spread of contaminants from the soil to groundwater are eliminated.  Following soil removal, the Site would be regraded 
and revegetated similar to the soil cover option (Alternative N2).  The total duration of the excavation and offsite disposal remedial action 
is assumed to be 1.5 months.  No long-term monitoring or maintenance would be required because COCs would be physically removed 
from the Site. 

EPA’S preferred surface and near-surface soil remediation zone alternative:

alternative SG2 – in-situ chemical oxidation/in-situ chemical reduction/pump 
and treat/monitored natural attenuation/ultraviolet oxidation

Present Worth Cost Estimate: .............................$5,412,000.00
Direct Capital Cost Estimate: ..............................$3,160,000.00
Annual O&M Cost Estimate:................................$   433,000.00

ISCO is based on the delivery of chemical oxidants to contaminated media in order to destroy the contaminants by converting them to 
harmless compounds commonly found in nature.  ISCO involves injecting the selected oxidizing agent, into the subsurface and 
collecting and analyzing groundwater samples to monitor the breakdown process.  In-situ Chemical Reduction (ISCR) is the same as 
ISCO in its application, but involves injecting a selected reducing agent into the subsurface (rather than an oxidizing agent).  The 
contaminant levels, general chemistry parameters, and environmental indicators are documented prior to and following the injection 
events.  Long-term monitoring is also required.

For this alternative, oxidizing or reducing agents are applied in the groundwater based upon concentrations of contaminants in the 
groundwater (see Figure 4).  ISCO and ISCR would be used in combination, series, or individually to treat higher concentrations of 
contaminants within the 1,000 ppb area of the plume.  Groundwater pump and treat (P&T) would be used in the area of the plume with 
concentrations between 10 ppb and 1,000 ppb to provide hydraulic control and to help spread the oxidizing/reducing agents within the 
contaminated groundwater.  

Monitored Natural Attenuation (MNA) consists of collecting and analyzing groundwater samples and data to document the levels of contaminants 
present in the groundwater and their ability to breakdown naturally over time.  MNA  would be used outside the 10 ppb groundwater zone to 
demonstrate plume reduction. 

A treatability study would be performed to determine the effectiveness of ISCO or ISCR, the ideal spacing between injection points, 
and the amount of oxidizing/reducing agent that is needed.  ISCO and ISCR are applied the same way (via well), and have similar costs.  
The treatability study results would be used to determine whether both technologies or just one would be applied.  The total duration of 
this alternative is estimated to be 1 year plus at least 5 years of monitoring (6 years total).

ISCO is not recommended for in-situ treatment of soil since the mechanics of substrate delivery results are unproven and 
groundwater is required to assist with delivery of the chemical to the contaminated zones.  For this reason, ISCO/ISCR would only 
provide a partial treatment solution in this zone. 

alternative SG3 – enhanced in-situ bioremediation/pump and treat/monitored 
natural attenuation/ultraviolet oxidation

Present Worth Cost Estimate: .............................$4,874,000.00
Direct Capital Cost Estimate: ..............................$2,622,000.00
Annual O&M Cost Estimate:................................$   433,000.00  

Enhanced In-situ Bioremediation (EISB) involves injecting a substrate(electron donor) into the  ground and collecting and analyzing 
groundwater samples to monitor the bioremediation process.  EISB is a method used to  break down chlorinated VOCs (such as PCE 
and TCE) using processes naturally occurring in the environment.  Hydrogen Release Compound (HRC®) is the most likely, available 
organic substrate to be injected into the ground at Pemaco and has been proven effective in accelerating in-situ bioremediation rates of 
chlorinated VOCs.   This process helps PCE and TCE break down over time into harmless compounds such as ethene over time. 

Under this alternative, EISB would be used, based on treatability study results, to treat higher concentrations of contaminants (within the 1,000 
ppb contour – see Figure 4).   Groundwater P&T would be used to provide hydraulic control and to help spread the substrate in the area of the 
plume with concentrations between 10 ppb and 1,000 ppb.  Monitored Natural Attenuation would be used to demonstrate plume reduction 
outside the 10 ppb contour.  Costs are based on 1 year of EISB treatment plus a minimum of 5 years of monitoring (6 years total). 

EISB is not recommended for in-situ treatment of soil since the mechanics of substrate delivery results are unproven and groundwater 
is required to deliver the chemical to the contaminated zones.  For this reason, EISB would only provide a partial treatment solution to the 
lower vadose soil and Exposition groundwater remediation zone. 

surface/near-surface soil alternatives - N
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alternative SP3 – in-situ chemical oxidation

Present Worth Cost Estimate: .............................$2,540,000
Direct Capital Cost Estimate: ..............................$1,849,000
Annual O&M Cost Estimate:................................$   133,000

In-situ chemical oxidation (ISCO) is based on the delivery of chemicals to the approximately 1.4 million gallons of contaminated 
groundwater in the perched zone.   It destroys the contaminants by converting them into harmless compounds commonly found in 
nature.  ISCO involves injecting the selected oxidizing agents into the subsurface and collecting and analyzing groundwater samples 
to monitor the degradation process, or breakdown of contaminants.  The contaminant concentrations,  general chemistry parameters, and 
environmental indicators are documented prior to and following the injection events.  Long-term monitoring would be necessary.  Costs 
are based on one year of ISCO treatment plus a minimum of 5 years of monitoring (6 years total).

ISCO is not recommended for in-situ treatment of soil since the mechanics of substrate delivery are unproven and groundwater 
is required to assist with dispersion.  For this reason, ISCO would only provide a partial treatment solution to this remediation zone.  
Pathways for human exposure to COCs and the potential spread of contamination in soil to groundwater would not be addressed.

 alternative SP4 – enhanced in-situ bioremediation

Present Worth Cost Estimate: .............................$1,735,000.00
Direct Capital Cost Estimate: ..............................$1,008,000.00
Annual O&M Cost Estimate:................................$   140,000.00

Enhanced In-situ Bioremediation (EISB) involves injecting an organic substrate into the subsurface and collecting and analyzing 
groundwater samples to monitor the bioremediation process, or breakdown of contaminants.  EISB is a method used to destroy chlorinated 
VOCs (PCE and TCE) using processes naturally occurring in the environment.  This process is triggered by injection of the selected 
organic substrate.  Hydrogen Release Compound (HRC®) is the most likely, available organic substrate to be used at Pemaco and is well 
documented for accelerating (speeding up) in-situ bioremediation.  This process results in the breakdown of PCE and TCE into harmless 
compounds over time.  Costs are based on 1 year of EISB treatment plus a minimum of 5 years of monitoring (6 years total). 

EISB is not recommended for in-situ treatment of soil since the mechanics of substrate delivery results are unproven and groundwater is 
required to assist with dispersion.  For this reason, EISB would only provide a partial treatment solution to this zone.   Pathways for human 
exposure to COCs and the potential spread of contaminants in soil to groundwater would not be addressed.

alternative SG1 – no action

Present Worth Cost Estimate: ...........................................$0.00
Direct Capital Cost Estimate: ............................................$0.00
Annual O&M Cost Estimate:..............................................$0.00

EPA is required to consider a No Action alternative for comparison with other remedial options.   The No Action alternative provides a 
baseline for evaluation in terms of risk to the public if no action is taken.  The No Action alternative does not involve any proactive 
treatment, removal, or monitoring of the contamination.  If not addressed, contaminated lower vadose soils (approximately 14,000 
cubic yards) will continue to act as a source of contamination for the Exposition groundwater zones.  In addition, a pathway for human 
exposure may eventually exist if groundwater contamination within the Exposition groundwater zones (approximately 15.6 million 
gallons of VOC-contaminated groundwater) spreads towards domestic production wells.

There is no cost associated with this alternative and it would provide the least overall protection of human health and the environment.  
The No Action Alternative does not meet EPA’s remedial action objectives and does not comply with state and federal requirements.

lower vadose soil and exposition groundwater alternatives - SG

EPA’S preferred upper vadose soil and perched groundwater remediation 
zone alternative:
alternative SP2– high-vacuum dual-phase extraction/ultraviolet oxidation/
flameless thermal oxidation/granular activated carbon  

Present Worth Cost Estimate: .............................$3,659,000.00
Direct Capital Cost Estimate: ..............................$1,431,000.00
Annual O&M Cost Estimate:................................$   488,000.00

High-Vacuum Dual-Phase Extraction (HVDPE) uses high vacuum to pull groundwater and soil vapor to the surface for aboveground 
treatment.  Extraction wells would be installed to remove both gas and liquid contaminants from upper vadose soils (approximately 
80,000 to 95,000 cubic yards) and perched groundwater (approximately 1.4 million gallons), respectively.  The extracted groundwater and 
soil vapor are transported to separate aboveground treatment systems where the contaminants are remediated.  This alternative utilizes 
ultraviolet oxidation (UV Ox) for groundwater treatment and flameless thermal oxidation (FTO) for vapor treatment.  
Both UV Ox and FTO would completely destroy all contaminants contained in the groundwater and vapor.  The FTO soil vapor treatment 
system would be replaced by a granular activated carbon (GAC) system after approximately one year of operation.  Assuming 
cleanup criteria are met, the treated groundwater could be reinjected back into the ground, discharged to the sanitary sewer, or discharged 
to the LA River.

This alternative assumes that the largest amount of contamination, approximately 50 to 60%, will be extracted during the first year of 
operation.  Some COCs, such as 1,4-dioxane and vinyl chloride, cannot be treated efficiently by GAC at high concentrations.  It is unlikely 
that the FTO vapor treatment system will emit products of incomplete combustion, such as dioxins and furans, above background levels 
due to the system’s highly effective removal efficiency.  The FTO would be carefully monitored for the release of these chemicals.  After the 
first year, it is estimated that the majority of the high concentrations of contaminants, including 1,4-dioxane and vinyl chloride, will have 
been extracted and destroyed using FTO and switching to a GAC vapor treatment system would be more cost effective.  Evaluation of the 
proportion of these COCs in the vapor stream would be necessary prior to implementing GAC vapor treatment.

HVDPE allows for good control over the spread of contamination and a reduction in contaminant volume for both soil and groundwater.  
HVDPE would effectively eliminate possibilities for human exposure to contamination in both the upper vadose soils and perched 
groundwater as well as reduce the potential for the spread of contamination.  The total duration of this alternative is projected to be 10 
years (5 years of HVDPE plus 5 years of monitoring).

upper vadose soil and perched groundwater alternatives – SP

alternative SP1– no action

Present Worth Cost Estimate: ...........................................$0.00
Direct Capital Cost Estimate: ............................................$0.00
Annual O&M Cost Estimate:..............................................$0.00

EPA is required to consider a No Action alternative for comparison with other remedial alternatives.  The No Action alternative provides 
a baseline for evaluation in terms of risk to the public if no action is taken.  The No Action alternative does not involve any proactive 
treatment, removal, or monitoring of the contaminated media.  If not addressed, residual VOC contamination in upper vadose soils can 
migrate to the surface in vapor form and/or migrate downward and act as a continual source of contamination to groundwater.   

Under this alternative, pathways for human exposure to COCs in upper vadose soil and perched groundwater and the spread of 
contaminants will continue.  There is no cost associated with this alternative and it would provide the least overall protection of human 
health and the environment.  The No Action Alternative does not meet EPA’s remedial action objectives and does not comply with state 
and federal requirements.


